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INTRODUCTION
The taxonomy of brown algae has been based on morphological characters as indicators of genetic relationships. Even when using advanced multi variate techniques (e.g. Rice & Chapman 1985) , the relative importance of genetic and environ mental factors in determining morphology re mains unknown. Experimental transplantation and culturing can provide direct evidence of the extent of heritability of morphological characters (e.g. Fang et al 1962; Chapman 1974; Sideman & Mathieson 1985) . However, research in this area is still rudimentary, primarily due to the logistic difficulties of transplantation and the long generation times of some species. Furthermore, the importance of, for example, pre-versus postzygotal events in determining adult mor phological characteristics is still unknown.
For other organisms, this uncertainty has been overcome by directly examining the primary gene products, e.g. enzymes and other proteins, by techniques such as electrophoresis. The banding patterns on such electrophoretograms can some times be interpreted in terms of allele changes. Even where this is not possible they can be treat ed as characters which are largely independent of environmental influence (cf. Hedrick et al 1976) .
Techniques for the extraction of purified active enzymes from brown algae were developed some time ago (Lin & Hassid 1966; Siegel & Siegel 1970) and enzyme electrophoresis has been ap plied successfully to other macroalgal groups (Malinkowski 1974; Cheney & Babbel 1978; Grant & Proctor 1980; Blair et al 1982) . How ever, extracts of proteins from brown algae in clude large quantities of polyphenols (Ragan & Jensen 1977) and acidic polysaccharides. The polyphenols bind strongly to proteins (by hydro gen bonding) and may inactivate enzymes. The polysaccharides may affect some enzymes by al tering pH and their viscosity complicates the ex traction procedure. Both problems make the pro cesses of enzyme extraction and electrophoresis unusually difficult in these algae. The problems were largely overcome by the extraction proce dure of Marsden et al (1981) . However, subse quent attempts to apply their techniques to a range of Fucales and Laminariales proved less than successful (Marsden et al 1984a (Marsden et al , 1984b . The main difficulties were low enzyme activities and, in one study, a lack of detectable enzyme polymorphism. Tubular gels had to be used to partially compensate for low activity, making comparison between specimens difficult (Mars den et al 1984a).
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On applying the Marsden et al (1981) proce dure to a wide variety of Southern Hemisphere brown algae, it was found to be slow (requiring 10-12 h per sample) as well as yielding low ac tivity. Both difficulties arose from the initial steps of extraction and the necessary purification of this extract.
Step by step losses were high, par ticularly in the ammonium sulphate precipita tion step. Often precipitation was so limited that no pellet was formed and the extract had to be washed off the centrifuge tube. In the extract from one September harvest a lipid-pigment layer formed on top of the homogenate, much of which was lost on rinsing. Because of these high losses, large initial quantities of plant material were needed (5-10 g) as well as large solution volumes (50-100 mI). Furthermore, optical density pro files of eluates passed through successive DEAE and Sephadex columns were highly variable and could not be reproduced successfully.
A modifi cation of the Marsden et al (1981) method is presented here, which results in a more expedient sample preparation, a significantly en hanced enzyme yield and improved electropho retic resolution. Enzyme activities are examined spectrophotometrically (in relation to the elution profile) and/or electrophoretically. The glyco protein nature of some of the enzymes is ex plored and the effect on electrophoretic patterns of the treatment with exoglycosidases is dis cussed.
MATERIALS AND METHODS

Sample collection
Xiphophora gladiata (Labillardiere) Montagne ex Kjellman was collected from the D'Entrecas teaux Channel, Tasmania. Specimens of Hor mosira banksii (Turner) Descaisne, Phyllospora comosa (Labillardiere) C. Agardh, Caulocystis uvifera (C. Agardh) Areschoug, Cystophora xiph ocarpa Harvey and X. gladiata were collected from West Point, Tasmania and Xiphophora chondrophylla (R. Brown ex Turner) Montagne from Boat Harbour, Tasmania. Plants were used within 24-48 h of collection. Coldroom storage (5°C) in polythene bags for 4 or 5 days did not affect results.
Sample preparation
One gram of vegetative thallus was rinsed in dis tilled water and frozen ( -20°C)in a Hughes press with I ml of Marsden's buffer (Marsden et al 1981) pH 7.4: 50 mM MOPS, 2 mM EDTA, 50 mM ascorbic acid,S mM DTT, 2 g I-I CaCI2, I g I-I TWEEN 80, 100 g I-I PVPP (pretreated according to Loomis 1974) . The sample was ma cerated in the press with a hydraulic pump (18-20 tonnes force) and removed immediately to 10 ml of the above buffer at 5°C. Alternatively, I g tissue was ground to a fine powder in liquid ni trogen and transferred to 10 ml of the above buffer. In either case, the tissue-buffer mix was allowed to thaw and then expressed through two layers of prewashed muslin, producing approx imately 6.5 ml homogenate.
This homogenate was centrifuged at 1500 g for 5 min at 5°C and the supernatant (6.0-6.3 ml) was passed down a 0.5 x 10 cm column of preswollen DEAE-Sephadex A-25 (Pharmacia Fine Chemicals, S-75104, Uppsala I, Sweden) equilibrated with the MOPS buffer: 50 mM MOPS, I mM DTT, 500 mM NaCl, I g I-I TWEEN 80 adjusted to pH 7.0 with 1 M NaOH (Marsden et al 1981) . The flow rate was 0.4 ml min-I and the elution profile was recorded con tinuously at 280 nm. Eluate fractions were col lected at 5 min intervals. These fractions were analysed separately for carbohydrate (Dubois et al 1956) and assayed for the enzymes esterase, acid phosphatase, malate dehydrogenase, alka line phosphatase, leucine amino-peptidase, and aldolase (methods given in Table 1 ).
Electrophoretic methods
Fractions 1-10, containing enzymatic activity, were combined (volume approximately 20 ml) and concentrated to about 3 ml using a Centricon centrifugal microconcentrator (Amicon Corp. Scientific Div., 17 Cherry Hill Drive, Danvers, Mass., USA) with a 10 000 MW cut off.
The concentrated extract was mixed with su crose (0.2 g ml-I) and two drops of bromophenol blue marker. 0.05-0.1 ml aliquots were loaded onto 140 x 72 mm polyacrylamide slab gels (T 8.1 % C 1.0%; TRIS-Citrate buffer, pH 8.6) in a vertical gel electrophoresis apparatus (Pharma cia GA 2/4 LS). Aliquot size was predetermined for each species by running test gels of different volumes. This was necessary to achieve the best resolution and even activity on gels with multiple species samples. Electrophoresis was performed for 4-5 h (45 mA, 100 V) in a boric acid-borate buffer pH 8.6: 14.44 g I-I boric acid, 31.5 g I-I borax, 0.1 g I-I TWEEN 80. The gels were stained for isozyme bands using conventional techniques 100 mg a-naphthyl acid phosphate 100 mg fast blue BB salt 50 ml distilled water 50 ml TRIS-HCI, pH 8.5 2 ml naphthylacetate (10 mg a-naphthylacetate, 10 mg �-naphthylacetate in 2 ml 50% acetone) 50 ml 0.2 M phosphate buff er, pH 6.4 50 mg fast blue BB salt *20 mg�-NAD *20 mg MTT *2 mg PMS 400 mg potassium fumarate 50 units Mdh 5 ml TRIS-HCI, pH 7.0 23 ml distilled water Dissolve 100 mg 6-bromo-2-naphthyl-�-D-g alactopy ranoside in 15 ml metha nol; add 200 ml hot distilled H20; cool; add 85 ml phosphate-citrate buff er, pH 5.0 (prepare buffer from equal volumes of 0.2 M disodium phosphate and 0.1 M citric acid); add 100 ml distilled H20; store: 4°C, 6 months; add fast blue I mg ml-' before use
Rinse in tap water. Stain: 100 mg fast blue 100 ml 0.02 M phosphate buffer (pH 7.5); fi lter; wash in distilled H20; rinse in 0. 200 mg L-aspartic acid 100 mg a-ketoglutaric acid 150 mg fast blue BB salt *20 mg pyridoxyl-5'-phos phate 50 ml distilled H20 50 ml TRIS-HCl, pH 8.5 *10 mgf:j-NAD *10 mg MTT *2 mg PMS * 15 mg sodium arsenate *275 mg fructose-I,6-diphosphate 1.0 unit aldolase 5 ml TRIS-HCI, pH 7.0 25 ml distilled H20 *80 mg a-glycerophosphate *20 mg EDTA *10 mg NAD *10 mg MTT *2 mg PMS 5 ml TRIS-HCl, pH 7.0 19 ml distilled water 900 mg glucose *80 mg MgCI2 *20 mg ATP *16 mg NADP *20 mg MTT *2 mg PMS 10 units G-6-pdh 5 ml TRIS-HCI, pH 7.0 28 ml distilled H,o I ml sodium lactate syrup *10 mg NAD *10 mg MTT *2 mg PMS 5 ml TRIS-HCl, pH 7.0 10 ml distilled H20 50 mg L-leucyl-f:j-naphthylamide 25 mg fast black K salt 20 mg MgCI2 in I ml H20 100 ml TRIS-Maleate pH 5. Not tested
Not tested
Not tested Not tested
Not tested
Abbreviations: EDT A (Na2), disodium ethylenediamine tetra-acetic acid; G-3-pdh, glycerol-3-phosphate de hydrogenase; G-6-pdh, glucose-6-phosphatedehydrogenase; MTT, (3-[ 4,5-dimethylthiazol-2-1]-2,5-diphenyltetra zolium bromide; NAt>, nicotinamide adenine dinucleotide; PMS, phenazine methosulphate.
* Stock solutions recommended. Optical density readings were taken at specifi ed wavelengths using 2.4 ml reactant and 0.1 ml enzyme extract against a blank containing 2.5 ml reactant.
and reactants prepared as in Table I . Protein banding patterns were revealed with Coomassie Blue R-250. Glycoproteins were examined using a periodic acid-Schiff technique (Keyser 1964) .
SDS method
SDS electrophoresis using P AA 4/30 gradient gels was carried out following the procedure given in the techniques manual supplied by Pharmacia Fine Chemicals (Polyacrylamide Gel Electro phoresis Laboratory Techniques). 0.5 ml of con centrated X. gladiata extract was treated with 1% SDS at 100°C for 5 min. The sample was com pared electrophoretically with untreated extract using both standard and 4/30 gradient PAGE gels. Standard reference protein high molecular weight and low molecular weight mixtures (Phar macia) were run on the same gels for comparison.
Polyphenol determination
To check for the presence of polyp he no Is at var ious stages in the procedure, samples were as sayed initially using the potassium titanium ox alate method of Forrest & Bendall (1969) , following Marsden et al (1981) . However, this method was found to give a positive reaction with the ascorbic acid in the extraction buffer and therefore was unsuitable as a polyphenolic indicator here. Qualitative polyphenolic assays were performed subsequently by adding bis-dia zo-benzidine dropwise to the enzyme solution (Haug & Jensen 1952, communicated by A. Jen sen). A colour change to red or brown indicates phenolic presence.
Phycocolloid determination
The presence of sulphated polysaccharides (phy cocolloids) at various steps in the extraction procedure was determined qualitatively by add ing a saturated solution of barium chloride to the extract and observing for a white precipitate (Larsen 1978).
Protein determination
Protein was assayed according to Bradford (1976) using 0.1 ml aliquots (three replicates taken from three stages in the extraction procedure: after centrifugation, after elution and after concentra tion).
Enzymatic cleavage of glycoproteins
Initial results suggested that some enzymes were complexed with carbohydrate moieties. The gly coproteins were cleaved with exoglycosidases to increase the electrophoretic mobility of the en zymes and improve resolution of their banding patterns.
One gram of X. gladiata was prepared as above. I ml extract was treated with iJ-D-glucosidase (80 units, Sigma Type I from almonds, pH 5.0) or iJ-glucuronidase (800 or 1600 units, Sigma Type IX, from E. coli, pH 6.8) respectively, and incubated at 37°C for 30 min.
After incubation, extracts were passed through DEAE-Sephadex columns, the eluate fractions concentrated, and examined by electrophoresis as above. Gels were stained for glycoprotein, es terase and 6-phosphogluconate dehydrogenase activities.
RESULTS AND DISCUSSION
Enzyme extracts have been stored for up to 4 months at -20°C with no apparent reduction in activity or alteration to their electrophoretic banding patterns. Freshly prepared samples re main active for 5-7 days at 2°C.
Polyphenol removal
Tissue ground in liquid nitrogen and allowed to thaw in distilled water gave a positive polyp he nolic reaction. In contrast, the enzyme extract gave a negative result whether tested after expres sion through muslin, after elution through the DEAE-Sephadex column or after concentration. The polyphenols are presumably complexed to insoluble PVPP in the extraction buffer and are discarded after expression through muslin and centrifugation.
Phycocolloid removal
Phycocolloids (sulphated-acidic-polysaccha rides) are major components of brown algal cell walls (McCandless & Craigie 1979) . These com pounds were confi rmed in the initial extract from X. gladiata and were removed in large part by absorbance on the DEAE-Sephadex column. A weak reaction with barium chloride remained in fractions 3 and 4 of the column eluate which was in turn eliminated by micro concentration in the Centricon device. Thus the fi nal concentrated Table 2 . Est = esterase; Acph = acid phos phatase; Mdh = malate dehydrogenase; Aph = alkaline phosphatase; Lap = leucine amino-peptidase; Aid = aldolase.
extract used for the electrophoresis studies was free of phycocolloid contamination.
Protein and polysaccharide elution Figure 1 shows a protein elution profi le from DEAE-Sephadex using 6-8 ml samples. The bulk of the protein is eluted in fractions I-IS. Enzyme activities were eluted in fractions 1-10 while polysaccharide eluted in fractions 1-9 (minor quantities of sulphated polysaccharide in frac tions 3 and 4). Therefore, only the first 10 frac tions were bulked and concentrated for electro phoresis. The use of a single column, combining prop erties of Sephadex and ion exchange media, is a marked improvement over Marsden et afs (1981) method in that it greatly reduces the time re quired for extraction and the degree of dilution.
No significant losses of protein (based on three replicates) occurred between any of the extrac tion steps. The protein content of the final extract (both after elution and concentration) was 540-630 J,Lg g-l of X. gladiata tissue.
Protein concentration and electrophoresis
Despite the high enzyme activities detected by spectrophotometric assays, only the peak frac tions produced detectable band stains on elec trophoretograms. It was necessary to bulk the fractions and concentrate them in order to ex amine the fractions with lesser enzyme activity for electrophoretic staining. Ammonium sul phate precipitation before purification (Marsden et a1 1981) was not successful. Concentration of the column eluate fractions through Centricon centrifugal concentrators permitted good detec tion on polyacrylamide gels. Residual low mo lecular weight compounds « 1 0 000), including unbound detergent, are also removed at this stage. &=r-_ == Five replicates using extracts from a single plant gave identical elution profiles and protein elec trophoretograms.
Positive gel staining reactions for 19 enzyme assays were demonstrated using the X. gladiata extract (Fig. 5) . Although the banding patterns occupy a relatively small region of the gel, there are nevertheless detectable differences in mobil ities. Bands staining with assays for phospho glucoisomerase and mannose phosphate isomer ase showed the greatest mobility on the gels.
Electrophoretic banding patterns for protein and a range of enzyme assays were examined in six species of the Order Fucales ( Table 2 ). The protein pattern illustrated clear differences be tween species and families (Fig. 2) . Enzyme vari ation between these species is also marked (Fig.  3) . The electrophoretic patterns for 18 enzyme assays were examined in 33 separate plants of X. gladiata. These plants showed considerable in traspecific variation over small geographic dis tances (in prep.). An example of these differences
• -DO is illustrated in Fig. 4 (3, 3b) while reproduc ibility is demonstrated in the same figure (be tween the 3b samples). This method clearly has a significant potential in determining intraspe cific differences. In all cases the enzymes had low electropho retic mobilities which indicated a high molecular weight and/or low net ionic charge. SDS treatment of the concentrated extract followed by electrophoresis on P AA 4/30 gradient gels failed to give significant resolution of the protein band ing pattern. One additional band appeared with Coomasssie Blue staining near the marker pro tein with molecular weight equal to 14 000. How ever, the major protein bands represent native proteins of high molecular weight between fer-.c a. <I:
Nineteen enzyme systems examined fr om one specimen of X. gladiata illustrating the relative mobilities of the bands. Stippled line indicates the position of the bromophenol blue marker front. Full names of the enzymes given in Table I .
ritin (MW = 440 000) and thyroglobin (MW = 669 000). The association of polysaccharide with the en zyme fractions (Fig. I) suggested a carbohydrate protein complex or possibly a detergent-carbo hydrate-protein complex (Furth 1980).
Glycoproteins
Glycoproteins are proteins which contain oli gosaccharides covalently bonded to selected ami no acid residues (Hughes 1983). To test for gly- (Keyser 1964) . All six algal species gave a positive reaction with single fuch sine-coloured bands appearing immediately be low the sample wells on the gels. However, ephemeral fuchsine-coloured bands also ap peared while the gel was submerged in the fuch sine-sulphite reagent. These bands disappeared shortly before the gel assumed the opaque colour of the stain. However, the bands did not reappear after washing in ethanol-sulphite. These ephem eral bands correspond in position to the fi rst 2-3 bands shown by the majority of the enzymes depicted in Fig. 5 .
Exoglycosidases (including {3-D-glucosidase and {3-glucuronidase) remove sugars that are ex posed at the nonreducing ends of carbohydrate chains, including mucopolysaccharides. Electro phoretograms of extracts treated with {3-D-glu cosidase and {3-glucuronidase respectively, and stained for esterase and 6-phosphoglucuronate dehydrogenase activity showed an increase in the number, as well as a greater mobility, of the bands (Fig. 6) .
Five types of glycoprotein in two molecular weight classes (25 000 and 43 detected during a P.A.S. stain, B esterase activity and C 6-Pgdh activity. I unheated extract, 2 I ml extract treated with 2 mg fJ-g1ucuronidase, 3 7 ml extract treated with 20 mg fJ-g1ucosidase, 4 I ml extract treated with I mg fJ-g1ucuronidase, 5 heated extract, 6 2 mg fJ-g1ucuronidase in I ml Buffer B, 7 20 mg fJ-g1ucosidase in I ml Buffer B. Stippled line indicates the position of the bromophenol blue marker front.
al 1985), considerably below 440 000 and 669000. This may indicate that our molecules have a low net ionic charge which is responsible for their low mobility. Enzymes showing a gly coprotein structure in other organisms have in cluded oxidoreductases, transferases and hydro lases (Gottschalk 1972) . For none of these has it been demonstrated that the carbohydrate is as sociated with the active site of the enzyme. It is possible that the carbohydrate stabilizes the pro tein molecule in such a way as to promote cat alytic activity (Gottschalk 1972) . Removal of the carbohydrate can render the enzyme inactive, therefore further treatment with either exo-or endoglycosidases was not attempted.
CONCLUSIONS
The extraction, purification, concentration and electrophoretic procedures described here have proven efficient, in terms of time requirements, and effective at producing reproducible protein and enzyme banding patterns for brown algae. The banding patterns have been obtained using standard reagents and procedures that are rou tine in the electrophoretic analysis of nominated enzyme systems. The results are meaningful in the context that they allow comparison of ex tracts from different taxa, and provide data with considerable potential for use as taxonomic char acters in these organisms.
The low electrophoretic mobility and conse quent overlap of the banding patterns for the majority of the systems studied seems due, at least in part, to their high molecular weight (or low net ionic charge) and glycoprotein nature. Further biochemical research is required to de fine more precisely the properties and nature of the individual protein and enzyme components of the algal extracts. It may then be possible to further refine the techniques of the preparation, and to set electrophoretic conditions such that resolution of the banding patterns may be en hanced.
